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' * Thb treatise is divided into four parts^ iDustnted 
;by a variety of suitable phtes ; the forsi pmrt con- 
tains all the (Seodesic Operations explained in the 
Memorial Topographique el MiHiairey with ap- 
propriate tables for the principal reqawite reduc- 
tions ; most of the formulas in this part have been 
sdected firom the works ef Dekunbre^ Laplace, 
^Legendre^ and Puissant, and these formulae, as 
w^ as the numerical examples by which they are 
iUustrated, have been reduced to English measures. 
The same part inchdes, likewise, a minute descrip- 
tion, accompanied with figures, of the Repealing 
Cirele and the method of using it ; as well as the 
description and use of Borda's Reflecting Circle. 

Part the Second consists of a translation of BioVs 
^ssay on finding the altitudes of places by means 
of the barometer ; including a brief historical ac- 
count of the barometrical formula, and its complete 
demonstration by the simple elements of algebra ; 
as well as tables, firom which the difference of 
altitude of any two places may be obtained by the 
simple subtraction of two numbers; in this part, 
the linear measures have been reduced firom French 
metres to English jforeb, and the heights of the 
thermometer firom degrees of the centesimal scale 
to those of Fahrenheits, generally used in this 
country. These reductions have necessarily caused 
the principal table to be recalculated from the re- 
duced formula, and extended from forty-two columns 
to seventy-four; with some additional lines in 



X iifTBoiujcnoif. 

eubjecU. of his explanations, together with 
otl^er operations that may be performed, without 
instruments. 

Lastly, he gives proper directions fdr drawing 
maps adapted to military, reconnoitrings and for 
the formation of descriptive and military me*> 
moirs. ' 
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ascertaining tbc difference of longitude between tlie ob- 
servatories of Greenwich and Pads, by Cassinij the 
Connoissance des Temps, year G, (these last two works 
contain a description of the repeating circle,) Lalande's 
Astronomy; Cagnoli's Trigonometry; and the descrip- 
tion and use of the reflecting circle, by Borda, may also 
be consulted. 



Summary Explanations of the Operations by which the general 
outlines of large Maps are established. 

The general outline is composed of triangles of the 
first order, formed by the longest lines which the locali* 
ties of the situation will permit, the telescopes, however, 
magnifying sufficiently to be directed to the object with 
precision. All these triangles ought to be connected 
together, and to form, as much as possible, a kind of 
continued net-work in all directions. The choice of 
triangles is not indifferent; it is known that equilateral 
triangles are those in vvhich small errors committed in 
observing the angles have the least influence on the 
length of the sides : but it would be very difficult to form^ 
a series of triangles by admitting those only that are 
nearly equilateral ; and the invention of the repeating 
circle, v^ith which angles may be observed within one 
second of the truth, gives a greater latitude in the choice 
of triangles. In general, however, all angles below 30^ 
and above 190^, ought to be avoided. 

The repeating circle is the only instrument which 
should be employed at present for measuring the angles of 
triangles of the first order,^ if it be thirty-five centi- 

* The author appears to have overlooked the excellent Theodolite 
vvith which the conductors of the Trigonometrical survey in this 
country have taken their angles with so much accuracy. 
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necessary to measure the distance of the place of obser- 
vation from this point, in order to reduce the obserred 
2enith distances to the summit of the object. 

Frequently, when the sun shines on the object, we 
can only see a phase; and the apparent middle, that of 
the illuminated part, does not correspond with the axis 
of the object; then the observed angle wants a correc- 
tion, which depends on the form of the object and the 
position of the sun* ^ 

We shall here recapitulate, in their natural order, the 
corrections which an angle observed with the repeating 
circle may require. 

Correction for the eccentricity of the inferior tele- 
scope. 

Correction for the phase of the signal when neces- 
sary. 
Reduction to the centre. 

Seduction to the horizontal plane by the knowledge of 
the apparent zenith distances of the two objects to which 
the sights have been directed : these distances having 
been previously reduced to the summit of the station, 
there remains only to correct the angles, for the sphe- 
rical excess depending upon the surface of the triangles 
to which they appertain. 

The measure of angles gives only the ratio of the 
length, or the relative length, of the sides of the triangles. 
In order to have their absolute lengths, or these ex- 
pressed in known measures, it is necessary actually to 
measure one of them; and this b what is called the 
measuring of a base. This operation requires the most 
scrupulous attention ; for its accuracy ought to equal that 
of the instrument employed in measuring the angles. 

The actual distances between all the points chosen for 
the vertices of the triangles may therefore be known.; 
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are to be used for Ibis purpose, ibe fini step is to tnoe 
tbe meridians and paralleb of latitude on tbe map ; b«l 
sbould it be intended to use Ibe distances from the 
meridian and its perpend icuLu-, Ibis meridian aud per- 
pendicular, witb tbeir parallels, must be diaim. 



Deseripium ami Ute ef tit Rrprmiim^ Cbx^t. 

The description and use of tbe repeating circle^ 
as given in tbe Mewtoriai Tapographiqwte ef Mililmirf^ 
not appearing so perspicuous as could be uisbed, oa 
account of tbe brerity of tbe ezplauaiion a»d tbe vaal uf 
a figure, it has been tbougbt proper to ertrrngt Ibe fal- 
lowing illnstration of tbis subject firooi tbe second fiiiltwi 
of Biot's AUromomic Pk^nqme^ 

Tbe repeating circle maj be sabstituied akme &r tbe 
mural quadrant and transit \nUnmrr»i, mhkk kwephtcm 
witb great aceuracjr ; it requires tcsj aattB rmr\*fimm§, 
and maj be couTeoieatlj trausported Ima pbeete plaop, 
on account ftt its nuidente sixe ; Imdty^ its guatl wSkj 
is not limited to astrouooij oulr, but exr ^ads t» g^mitfwe 
operations, topographical detail, aad 1# as ia&uacj W 
pbjMcal reaearcbes of all Idads, iato miick U earner a* 
unboped-ibr precifiou. 

Tbe principal part of tbia imirmmttA ci ius wfi m a es^ 
cular and Tertical limb ZAP^« ^ vMcb mopjr M 
turned about tbe Tertical Isae CP daanm tbvM^ i«a 
centre, and also about a borizoalal axia, p ass i ay ttov^A 
the aame centre. A telescope O C L, fa«mbe4 «M» 
a micrometer and a Teraier, tuna about the eeatr^e C ami 
may be succeuiTdy passed o^er all poiuTsi f>f the (imf^^ 
Tbe wbole instrument it represeaCed bj Jif. I* A^ 
fat an ezplaaatiou of ils use, let as r^am f<> /^. 2^ 
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to the same Tertical plane. There are, hi all circlei^ 
repelling screws by which the limb is made to mo^e bj 
insensible degrees, and the level rectified. ^ 

After a. double lenith distance b thus found, a qua- 
druple distance may be obtained in the following paanner r 
without tonchtBg the telescope, the instrument is to bo 
returned, and the limb brought to face tho east, as ii did 
at first. The telescope then takes the direction of C A' Lf 
fig* 4. If it were brought back towards the heavenly 
body, the limb remaining fixed, it would arrive at the 
point A, from which it was fi^rst moved, and the arp 
which it had passed over would be destroyed. Instead 
of this, it is left fixed in A', but the limb must be turned 
vextically about its centre, until the heavenly body re«ap« 
pi^rs in the telescope at the centre of the wires.. Then 
the point A' is directed towards this body, and the point 
of departure descends to A»^g.5. This being doae^ 
sre find ourselves exactly in the same circumstaaees as at 
the, commencement of the first operation,^g. 2 : except 
that the point of departure is A', that is to say, the end 
of the firat arc passed. over.* By setting off from this 
point, an^operating the same as before, we may make 
a new double observation, which will bring the telescope 
to A""" ; and as the arc A' A" will be equal to A A', the 
total arc A A' A" will be the quadruple of the zenith 
distance ; by dividing it by four we shall have the single 
distance. 

> Having the quadruple distance, the sextuple may be 



* By thus moving the limb in the third observation, the level which 
is attached to it and follows its motion ceases to be horizontal ; but 
the observer, after loosening it, renders it again horizontal, and files 
it in that position by its repelling screws ; the same must be d»ne 
after each even observation. 
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^b all the obieiTed distaaoes ; fbrtbepsoiiflf Ae 
that remains fixed in its lerolatioa k the posHl A', 
tedinthediiectioaof theajdsof ratatioAof thehencalr 
body, instead of Ivhidiy it dMnld be the poiflt A, aitssft- 
ted in the prolongatioii of the Tertical line. Th^ 



to the North of the senhh. If the ofaserred bemvenly hodj is u t u a tm i 

en the same side, as in Jig. 34, the mith distances will be mo filllt . 

hy 6 parts of the level ; wherefore thej must he increased bj dnt 

^iiantuy. This would be two sexagesixni^ seconds in the IctcI osed at 

JDunkirk. But if the observed heavenly body were situated on the South 

of the zenith on the side S, and that die level had been read as is hert 

supposed, the ioclioation towards N would augment the icnith di^ 

traces, and it would be necessary to subtract it. The same result 

vould be found from the UJi end of the bubble ; for it gives Lzz 14\ 

L— L' 
JJzz 180, consequently I = — - — =: +6. 

The third pair of observations presents a little change in the indi« 
Diction, for we only find Izz4- 5. We thus form all the dififerences re- 
lative to each pair of observations, and take the mean, which is the 
correction to be applied to the mean distance deduced from the ex« 
treme readings of the observed arc. In this addition, each of th« 
differences R'— R or L<—L' must be written with its sign, for some of 
them may be positive and others negative, if the level experience any 
derangement in the course of the series; andithis will almost always 
happen when the iticlination I is very small. If the tube be perfecUy 
bored, and if the temperature do not vary, the length of the bubbJa 
repiains constant, and it will be BMfficient to observe one of its tx- 
tremities *. but as we can never be certain of absolutely avoiding all 
these variations, it is always proper to observe the two extremities of 
the bubble, and to take the mean difierence. 

There is an undoubted advantage in using constantly the tama 
method of perfprming practical operations which are to be frequently 
lepeated. Wherefore it is proper always to read off the level in this 
same manner ; for example, in placing ourselves so that the side R 
may be directed towards the heavenly body which is observed ; iheA^ 

if — 2 w Z b positive, it is to be added to the zenith ^fUoct: 

If it be negative, it most be sobtractcd. All is then redoced to ttes 
▼cry simple rale, and there will never be any ansufce €^mmiU4(4 
rrtyirfm g tfia daactiwief the lU ih miu m . 
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8m^)i% ttieoTinQred a«Miiduig In i|ie;Wler»;ctfr tbedmr: 
stuns Will U poii^s^ tft G : ti]^>stiftm whiobtiti wiUv hir0( 
]2lpi<»diO!70riGtn; (bQtIimh) wiUibcir ttue ,mQa94ira*ofvihftiHb- 
gle BOG. During (hUi QpeiTAtiaiii. Iba lo^orttoLeaeiiiio/ 

ifitdoMnoi it; twf^ He bTOH^U. tQ il bjn moaiift: of the 
i/rtfm screw, and tbe(8iipieri#r:t6le6eopedirfiQtednagdiai 
to the ccLntrfi^. Tbia^ should: be ix^peated twcL.oi' three 
tinges, and th^ mean of iheBr€8oU« befitakieo. . . r • 

The distance O C is always too small to allow the 
p^|ii9J(liUliQ|.wh iob ift»8U8peQdeflbin^,tbe»axis^i tbMtatidim 
if^e^jff^XotBivcd witU Ihe/telescope* Thetfe dioiild there*- 
ff rj^JtiQttwAt reoaaiisaiilet poiattion tbe upper'paKi oK^Ue^ 
6|ip%f forrfeledcofie, onQifwards ^ eacb> exttmoAiy^ wMoU^ 
may serve to direct ii< to tUei [riaJnb) lioe^f These two 
points ought to coihckle^ with the direction of the optic 
a^s>of; the, telescopes Eoithisipurpose^ tbe telesco|>e 
may iboi. mounted mihiivto ^iaMlipirniuleiyot^ii^bth. 

The^l^ye formulaeis gf^H^Cab aojjl dp^snotTecjuir^.thf,, 
construction of any figure; it will be sufficient ^to pay 
MeMim to>tbe4i^'of tlM^siiM'of^O'-f' Y>ttt!tdn(^;^ ^ 

* Thissapposes thkt the divisiops of the limb are numbered Yrom . 

]t& tS'righsu Should tbiey proceed in a trontrary directMn", tli6 aiigliB'^ 

AP« C, gr^e^r th^ lOO^jis th?D measaned; If tfafis aagl6l>acal)ei>^|' 

we shall have Y=:360^— -O — Y'; and the forngmU«wiU«he€;|[HiM) 

r sin. (0+360° — O — Y'. r «in . (3^o —6 -^Y'S 

^^. mitb^609wY£); r»ki^(S60O)-->,((>+Y^ \ 'j^„j ^j^^^ 

D G * ' 

(aflO^.-^— Y^=--8ni. Y^, and sin. (300<>) — (O + Vy = — ainT 

.i: siju (0 + Y') ,, r.fi\iu^\' 
(04*rO^> hsttoethe foff«wite4)Soeias» ■ > ' tf ' ' » ' ^' -*"'->?^— » 
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«nd 91 38 45 H = 1» 32' 46^' 

(H + A) = 2« 58 36 A ^ !• 25 61 . > , 
-:^H'^A)= ' 6>5i ■ ■-'■'■■ 

(H + A) 1st table + 6.746 (H — A) Isl. ttble + Ct.OlO 
Tang. AftidU <a^.,+_|3^ 1 Cot. A Sad table - r34.89 
' . ' - •' '66714 — 0.3489 

•,<■-...,•<;...=.. •-"•6746 .. ■:.. H 82. 8837 

. ■ 13498 . , , , ; . « = + 81". 8848 
6746 

+ 82,23374 . _ r. 

The first part of the redaction is always additive, and 
the second sabtractiye. In order to obtain this reduction 
more accurately, inultiply it by. (sec. H sec. A); table 
III. w^t^^ t| and^A giyes for this jGu>tor 1.0C07. 
"" ' " „ =^ '^ .^l'\ 8848 
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SfiC. H sec. h-rrr-r U 0007. 



» (sec. Ij[,8ec. A):-8>1|.M2I6. 

Lastly, if regard, be had to the last two terms of the 
formula, table IV. mmi be used, which ii calcolated 
upon the supposition, i|i4t (n 9€C» H sec A) is 100^« 

With the observed ugle Ol^" Of, we find in table IV. 
the cofrei^ioa-:: Or,,OlS : this is what it would be neees* 
sary to subtract if (n sec. H sec. h) were IW ; bot« aa 
thjit quantity is only S?*, the correction —> Of «0I5 must 

bejapttipUedby/.^ j';=0.67S4^and^ff'^^^ x 0.67 

cr'—" 0^.009. i ■■■■'> 

T (II scfe. H-flee.'X)- f SVM 
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~ 0. 009 



+ 8r.93= I'W.03 
Observed angfc^^^i'-ai^ 1^27^3 

id«li«iedwcdt0th«liori»n 01*^ 10" 4^ 2». 
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— B) +BCA:t 90^— A — 90»+B + BCA=B€A 

+ B — A = BCA + £5__£f; 

CB CA* 



. t 



for, the angles A and B being Very small, their sints may 
be sabstitoted for the arcs ; therefore, the a|iper jt^^ : 
scope is removed (o the right, beybhd the angle A C B, by 

a quantity = BC A + H£ _ ^. 
^ ' CB UA 

Hence, in order to bring it to 3, it mast be made to 

describeACB + £2 — -- + ACB = 2ACB + 

CB CA 

CD C E 

CB T C A* 

GoDBcqaently, when we take half tlie arc metfMiYed oif 
the limb, we obtain A CB+ ^ _ ^^ = i (pre 

mcasored) ; hence A C B = i (arc measured) + 



2CA 



J ^ 



CD ■ " * 

* and tbefefore^ in-order te have tb^ angle A CB, 

to batf the measured ansle most be added - — 7— y^ , 



\ eccentriday', jj ^^^ q ^^^ ^^ respbctiTe c^istap^s 

oflhe4>bject8on therightarid'Teft/ -''* 

./In thie fignre, the eceeotricityii (ofha rigbtYif tt%a)S' 
he^ to the left, it would bavt beM tiegatlte^ 'iiiid -tlie^ 
correction would have had contrary st^nm. * ; : ; 'f 

In general, the correction ir equal lb balf ^the 'deceir- 
tricity, reduced into aetondi, arid -divideit ^f*lHif'tfb- 
tanceof the object wUch 3b oni<^tlM same ^4e -wttb^l^,* 
minus half the f^ri^itA.i^r\ijj^y\Af^_)[^ji\i^. d?fffiTl^ **^ 
the object which is on the other aide with respect to.tbe 
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eccentric wji«^o««viji^ r . 
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The eccotiicilj rmm arcwwlMg t» Che 
the drclemd the doKf cr of the 
be easjr to fimi a lihleivfhb oofivcl i 
tricilj o( the iaslnuBeoi has 
coBsCracCioa of this Idble* the 
pnned in the tmmt maii, as is aetd ibr the 
triang^Iei. 

Suppose the ndcs of the triangles to he 
f aihoms, and that the eeoeatiicit j k 1-^ iach ; 4 the 

anglesaie measiucd ia aengenaaldcspcay «r t&aS&STC 

Thus, the foimola wm be ?1^ — ??^, if <S« 

ecceotricitj is to the right. It wooU hr eaij to cs3ca« 
late the conection for diflereat ifislaascKy o1udkfls%%tfar 
made to iacicase for trrry lOOD ftlhoont or olhitr OKa- 
sores. Thc% vith thediifaoeetotheriighi^ aoaddiiure 
correctkw is to be tahea fiosoi the tafalr^ aad a fEshtraC' 
tire ooe with the dislaaoe to thelett; the diftsraBoe s<^ 
these two oonrections will be thei^oaafitj which anot be 
added to, or sabtraded f naa the obMrrcd aaglr t^r lh^ 
ecceotricitj. If the coccaCridtj went oa 'he kA, tkr 
additire conectioo mast be takra with the dhtiati to 
the left, aod the sabttactire correctioa with the ^^i^tfMT 
to the right* 

Bat, suppose that the sides ofthe liiaaglesare eaptca^ 
cdiaiBetres,aBdthraaglrsiagiadcsordrriowld<y<y»? 
thea, let the ecoentiidtjr = 2 craliairtirs, I ike eccra^ 

tticitj = 1 cmtiairtir, aad ■ ^ OjOI aMtor ; theia^ 

dios = G^.Geigr^ aad OSSIS'^T x 0^1 =: 0360 \9. 
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Thnis the formnla becomes — yr— ' rr^ ^^ *^^ 

eo^entriciijr to the right A table might alao be mIguU- 
-ted of Ihis fcMT every 1000 metres* 

La8tly> if, in presenring the sexagesimal d^ees |br 
the measttire of the atiglea, the sides of the trlanglet were 
expressed in metres, we should have, still supposing tbe^ 
eccentricity zz 2 centimetres, 57" 17' WS or 806964".8 

X 0.01 = 2062".65 ; and the formula would be ^^'^ 
' — for the eccentricity to the right. If D =: G, 



G 

the correction will be nothing. Therefore, the eflbct of 
the eccentricity on the three angles of a triangle i» redu- 
ced to nothing/ 



Reduction to the Axis of the observed Signal. 

Signals of which the points are not well defined 
ought, as much as possible, to be avoided*. Such arc 
round, square, and rectangular towers, &c. which are 
not surmounted with spires. ' The telescope can only be 
directed to the estimated axis of these signals, and the 
error of the observation may come to several seconds; 
they are aUo inconvenient from being frequently illumi- 
nated obliquely by the sun : in that case, when we think 
we are pointing to the middle of the signal, we point only 
to the middle of the enlightened part. 

For example, let abed (fig. 46) be the signal. If, 
pn account of the distance, we could see only the illumi- 
nated face ab, the point A has been observed- jinstead of 
the point M, the centre of the signal ; and the observed 
angle wants a correction equal to the angle A'O M ; nay^ 
it is not strictly true, that by directing the telescope to 
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brought over... #^«.. 317^ 15' 
Another taken immediately after the observa- 
tion , p...... .- g 08 5 

4a5* 20' 
Azimuth for the middle of the observation ... SIS* 40' 

(jp— s) — isy 

38" 4Q' 
Also, let r=:S.64 yards 

D= 10728 yards 

Log. r = 0.42160 

Log. sin*, -i (a? — 2)= 
Log. sin*, iff 20' = 18.89810 

Comp. log. D = 5.96948 

Cpmp. log. sin. 1" = 5.31442 

30.60360=4".01 
ThHS the correction is 4".01 : it will be additive if the 
object ^ith ivhicb the tower is compared is to the right } 
and subtractive, if it be to the left. 

If the sun could not be seen from the point O (fig. 49) 
a plumb-line may be suspended at A, the shadow of which 
will fall in the direction A B, and should be sufficiently 
prolonged to meet C O produced in B ; then, after mea- 
suring A B, OB, and the angle A O B, the angle A B O, 
the required azimuth, may be calculated. 

Greater precision on this subject would be superfluous. / 
FormulaB might be given for the cases of hexagonal, oc- 
tagonal towers, &c. ; but these investigations are unne-r 
cessary, as occasions seldom occur in which it would be 
required to have recourse to them. 

Spherical Excess, 
After the observed angles have been reduced to the 
centre of the station, and to the horizon, and corrected for 
the eccentricity of the lower telescope, as well as for the 
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t^rom tlii^ table it may be seeD, for exanpto, that for 
30^ of north declinalion, the horary angle is 8'.7 ; from 
vhich we may conclude that, about 4'^ before and after 
the passa^ over the jneridian ^ we shall have 0".$ error 
in the reduction for an error of I" in the time of obser- 
ration ; and that at about 3 the error would be nearly 
^ of a second. Yery little dependence can, therefore^ 
be placed on observations made witb this declination 
when thQ horary angle exceeds five miniitos. Now, al 
five minutes, the second term is 0".006 x 9.1, (seetho 
subsequent tables) that is (y'mOjIi, a quantity too small 
to affect the calculation. 

At !SO°of deciinafioa, the horary angle is Il'.9; there- 
fore, the observations may scarcely be commenced but 
6* or 7 before the passage over the meridian ; and, in 
this case, the secofiid term will be O^'.OIS x 3.0 := 0".d36. 

Hence, it appears that the second term of the redne« 
tion may be neglected as far as 30* of north declination. 
Beyond that height, the use of Borda's circle i» perhapc 
not sufficiently certain, since 10' of inclination in the 
plane prodocea an error ot 2".b3^ and 5' an error at 

The startf thai are only 90* from the pole may be ob« 
served at Paris in both their superior and inferior pas* 
sages, without the neglecting of tfie second term ever pro« 
dttcing a sensible error as far as 16' from the meridian ; 
as will shortly be demonstrated. 

Such is therefore the use of Table V ; it shews the 
duration that can be given to a series of observations* 
At 30* degrees of north declination it gives 8 .7, that is, 
the obaervationa may be continned about 9', four and a 
half before the passage, and as long after. At 40* of 
south declbationi we find 30^, that is^ the observatbnt 

VOL. I. F 
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A.*90^ 21' 10" 

B^.82 26 4.98 
D,,6T 19 34t.7 
(A-f-BM-D) =240 8 48.98 

( A-fBH-D) _ 120 4 24 49 120* 4' 24".49 

2 

A = 90 81 10 B^= 82 28 4, S8 

R = 29° 43' 14".49 R'= ST* X' 20^21 

Comp. log. sin. A 0.00i[)0082 

Comp. log. sin. B' - 0.0037636 

Log. sin. R 9.6952823 

Log. sin. R' 9.7854884 

Log. 8in.*i Z' = 19.4845425 

Log. sin.. iZ' = 9.7422712 

Therefore 

J Z'zz Sy 32' 0".06, and Z'=67' 4' 0'M2 

Thus the distance of the terrestrial object from the 
centre of the sun, reckoned on the horizon9=67®4'0".12, 
which it wonld still be necessary to reduce to the centre 
of the station if circumstances required it. 

Let O (j/Sg*. 53) be the place of observation, N the 
north point of the horizon, and M the south point, S the 
sun, and G the terrestrial object ; then as SON=Z and 
S O G=Z', we shall have M O G=the azimuth counted 
from the sottth= 180'— (Z 4-ZO Thus the true azimuth 
will be 180^— (69» 44'.40".4 + 67* 40". 12) = 43^ 11' 
20 '.48, and G is to tlie west of M : if (Z +Z') exceeded 
180^, G would be to the cast of M, and we shquld then 
have M O G=(Z +Z') — ISO' ; it would have been the 
contrary if the azimuth had been observed in the morn- 
ing. This is for the cbbc. in which the object is to the 
left of the luminary. 

If the terrestrial object were G', we should then have 
NOG'=NOS— SOG'=(Z — Z); this would betl^p 
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CHAPTER II. 



On Refraction, and the Method of determining it when the 

Earth is considered as Spherical. 

I. X HE air being continually subject to the action of so- 
lar light, and holding in solution substances of a different 
nature, cannot possess a constant density. A ray of 
light which traverses the atmosphere obliquely, and 
which is besides progressively attracted by the lower beds 
of air, is forced to deviate every instant from^he direction 
it followed the preceding instant ; it is this effect which 
is called Refraction. 

If from the point A (fig*^1t) a terrestrial object B be 
observed, the luminous ray by which its image is trans- 
mitted will follow the curve B D A, and the object B 
will be seen in the direction of the tangent to that curve, 
that is at B' ; from which it follows, that refraction makes 
objects in general appear more elevated than they are ; 
the angle B' A B therefore measures the effect of refrac- 
tion.* The determination of this angle is the subject of 
the present investigation. 



• It is here supposed that the curve of refraction is of a single 
curvature, and that its plane is vertical ; but some observers, and 
chiefly Dclambre, have ascertained, in a certain state of the atmos- 
phere, the existence of a horizontal refraction, the effect of which is, 
indeed, much less than that of the vertical refraction, since it 
scarcely amounts to a few seconds. Nevertheless, when both these 
deviations take place, the curve of refraction has necessarily % double 
curvature. 
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A, B; if, besides, ZABr:D=»+rbefke trae 

from the zenith to the poiot B, we shall liaTc^ bfohMtr- 

ingthatB'AC= y — 4C, 

BAB'=S5— ZAB— ]B'AC=2f — D— y+iC^f — 

ABB'=AB'C— BAB'=:f— ^C— f ^D— iC = 
D— C; 

bat the triangle ABB' gives, by nuddiig fbe dmd A B' 
=K. 

B — ^ ^^" * A _ Ksin. (q -^^C — D) _ 

"" sin/B sin. (D — C) 

Kcos, (^C— D) 

sin. (D — C) ' 

If this triangle be supposed to be right-angled at B', 
it is easy to perceire tbat we shall have, with soficient 
accuracy, for the difference of IctcI reqoired, 

H=Kcot. (J+r— AC) — (I) 

we shall haire also, 

H =- Kcot.(a^+r— iO (I). 

Now the valne of H, erpiessed in ft fiincCioD of the 
two apparent zenith distances^ may be obtauoed in the 
following manner : 
From No. 1, we have 

ZAB=y+iC+i (>—«'>, 

and it is crident that 

BAC=2j — ZAB=^ — fC+f (?' — J) 
B'AC=f — iC 

BAB'=BAC — B'AC=i(>— ?,) 
B'BA=2f— VBA=f— iC — iC*'— 3). 

Sin. ABB' rin^^ — ^\ 

COS. (i C -f --^— j 
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M the same point A^ the equation of the nornud A L 



IS 



M 9 J' 

y — y* =: ^ ^ (* — j?') ; and if we make^zzo, 
we shall hare the absciss Q,L, or 

' *** — 1 * 9 

a 
fronqi this it is easily concluded that the normal A L=:fi^ 
Jias fpr its value, 

LctALF=L, we shall have ^'=iisin« L, and con- 
secjuentlj 

from 'which is obtained 

> y sin/ L 

•y o'— (a*— 6^)8in.'L ^ ^' 

and from this 



^sin.«L]-^ (2). 

If, for the sake of abridgment, we make, in this re- 
sult, an 1, and 1 — 6*=it% where e denotes the ellipticity, 
we shall have 

«=(l-e')Cl-e^sin.'Lr^=^=^^.(3). 

and the equation (1) becomes 

AF=y= (l-^)sm .L 

(1 — c*sin."^ L)i ^ 

On the same hypothesis, the equation of the ellipse 
may be changed into 

hence, by means of the preceding equation, 

CTi I COS. L 
^ ='^=7i » X I V 1 (5)- 
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Fof ibe same reason, .the ralue of C hy fotend aboY( 
may be changed into 

but s' is given by the equation (5), therefore 

CT ^* COS. L ^^ 

^ ="T; -J—: — TTTT (6). 

(1 — c*sin.*L)^ ^ ^ 

All the values which are here obtained suppose j? tobc 
taken on the major axis of the ellipse; but if the minoH 
axis were referred to, the method of caloulation would be 
the same for the values of the lines A M, and CM, &c» 
To prove this, let 

be the equation of the ellipse, «r now being taken on the 
less axis, CP. If we make the normal A M=;i', we 
shall evidently have for the point A, 

y=«'«cos.^L; 
but, from the equation (2) by changing a for 6, and vice 
versa, as well as the sine for the cosine, we shall 
have 

AM=».=l'[;i-(?!^) c«.-L]-^; 

and since we havfe always 

ffl=l, 6»— In— c», i=(l — e'ji 
it follows that 

1 



n' = 



(7). 



(1— c«sin.' L)>i 

On the other hand y'=2n"tx>s.'L, therefore 
2 _ COS.* L . 
^ " 1 — e^sin.'L'V 
and as the actual equation of the ellipse gives jf' = 



- A ' 
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-j — ^-^ — f by equating these two values, we shall 

liave 

_ (1— c*)»8in.»L 



J7» = 



J— e»sio.»t» 



Besides, it has been found above thdt C L= r — x'i 

a 

thus, in the present case we have . 

CMri ; xzz X. 

A» l — e" 

By substituting for .r its value obtained from the pre- 
ceding equation, we shall have 

CM=-^?^-J5i--=:_e';i'sin.L.-. (8) 

As to the value of A C, it is evidently rfepr^sQnted bj 

\/^ a^^y* I thus, whether we 'thalce nse 6t the above 

valuer of x" .aud^% or have recourjse to the equations (4) 
and (5), we shall obtain 

AC=r^ n-fJLz/lJ^p^i fj,j. 

L 1 — e^ sm. L J 

This Inst formula may be brought io a more simple 
form, as follows. 

If we suppose the ellipsoid circumscribed by a sphere 
-which has for its radius that of the equator, the angle 
flCE=FaT=x will be the latitude of the point a on 
the sphere ; but the points a and A have the same absciss 
CF; therefore, if we make AF=y' and aFirj^", the 
equations of the circle and^of the ellipse will be respecr 
tively 

from whichy by expunging j?«, we obtain 
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AAM the tpptMBit letiitli diilftMM have fMmi redoedl 
to ibesammils triP ihe rfgmh, tk« folhmhig formufan are 
to t>e emplojed in obtaining the Yctfraotien and ita oo* 

cjffioitiif* 

r 

r=iC— i(J+a'- 180),if=:~ 

C 

These formnte require the angle C at the centre of the 
earth to be known and ezpreased in parts of the sexage- 
iimal degree. Now the distance K between the two 
signals A and B=S1172.8 yards; and Che logarithm of 
the equatorial radius f in yards=6.843S891» Thus we 
shall have the angle C by the formula (No. 10) or solely 

by the wvbtance t>f ': 

e 

Log. K..., =4.4937757 

Log. K" ••. =5.8144851 

Comp.log. p = 3.1566109 

2.9648117 =922".17=C. 

Therefore the distance A B answers to die arc 92Z'A7 

or 16' 22".17. 

The following ivfhe calculation off. 

« =:9(y> 15' 8".IT 

y = 89 57 49 .18 
»+ar_igoo - Qo 12' 62".85 

«+«'— ISO* 

= O € 86 .125 

2 

iC = 7 41 .085 

r = 1 14 .96 or 74\96Ldg.r=L9r48S96 

Log. C =2.9g48110 
Log.if=— 2.9100186 
Therefore ii=.08I886=i^ nearly. 

Thvoh when Ae refraction is constant| we have 
rsit Cs(«08)4 G. 
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cos, L ^ ^ COS.* L * 

b=iq (p tang. L+^^tang. L(J+tang.*L), 
From the valae of (p b) we deduce, for an approxima- 
t.ion to the latitude of B, 

9 — (P ^)=L — i?J*tang. L. 
The value of P is the difference of longitude between 
Ihe two points A and B, and the value of b is the re- 
quired azimuth PB A. 

l^o obtain the latitude of the point B more exactljr, 
it raajbe remarked that it is equal to the complcnient of 
the angle P N B or of the angle P M B + N B Mlzzp b -f 
N B M ; but because the anjjic N A M is very nearly 
equal to the angle N B M , we> shall have 

-iwr i> ILT ** N cos. L , 

NBM= =: 4f. 

r 

MN is easily obtained by means of the formula (8) of 

> 

No»4t ; for if we make n'=;r, we shall have, independent 
of the sign, C M = e'r sin. L. In like manner for the 
point B, the latitude of which is L', we have C N=:e*r' 
sin. L' ; thus, very nearly, 

M Nzre'r (sin. L — sin. L'). 
Likewise, from the trigonometrical Cormute, wc 
have 

sin. L — sin*L'= 2 sin.r -—^ — Jcos. f — - — jj 

froni which it follows, that 

iLf XT o » • L - L' L H- L' 
MN=2c rsm. — - — cos. — 5 — • 

On the supposition that L— L' is very small, the arc 

may be taken for the sine, and the cos. L substituted in- 

' , ^ L -f 1/ , ' 

3teau 01 COS. — 3~^« *^ then becomes 

M N=: c* r (L — L') cos. t. 
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tang. (Z'-^=rtang. Z' cos. 4^ —tang. Z' (ang.^sin. + 



>■ • » 



C08.(Z' — I) 

adding the tangentof Z' to both sides, and changing all 

the signs, it will become 

tang. 2' — tang. (Z' ^ I) = tang. Z' (1 — cos. 4^) + 



tang.Z' tang, g- sin. 4^ 

cbs.(Z' — I) 
If -we dear the denominator, the first member may 
be put under this form, 

cos. £ (tang. Z' cos. Z' — sin. Z') -f-sin. I (tang. Z' sin.Z' 
+C0S. Z'), 

and be reduced to — — ^y- 1 because tang. Z'=: ' - v r: 

COS. Z' ^ cos. Z' 

and sifi.' Z'^fcos.* Z'=l. Therefore, by observvig 

that 1 — eo8.4=:S sin.'-li^, and that {is very small, 

the preceding equation becomes, 

I = sin* Z' tang, i f sin. ^ + 2 sin* Z' sin.* ^ 4^ cos. 

It appears from this^ formula that I is less than >^, which 
i» itself very stnall : the correction of the azimuth 
may therefore always be neglected, which might other* 
wise be calculated, since the true azimuthr;the approx« 
imative azimuth -fC* 

It results from what precedesythat, if L be the latitude 
of the point A, (Jig. 60} j h* the latitude of the point 
B,ythe perpendicular distmce A B from the meridian 
of A, and r the radius of the earth, or the normal at the 
point A, we shall have, by denoting the number of sex- 
agesimal seconds in the radius by R, 

L'=L— iR"^ tang. L— iR c*^ %\jx. h cos. h ....(a)« 

and reciprocally 

VOL. I. v 
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found tho logarithm of the radias, yrt shall 
now work out the latitude of B by means of the for- 

iBMiIa (a). 

Log.^=4.414S047 

Comp. log. r = 3. 1560807 ' 

7.5703854 



Log. (O = — 6.1407708 



L6g.R"..= 5.3144351 
Log. 0.5 = — 1 .69^9700 

0. 1541659=: M. 

1st Term of the correction. 2nd Term . 

M=:0fl54I659 M=0.154I65» 

Log.tang. L= 9.9190369 ' Log. (j»=_ 3.776633© 

-^.0732028=1". 184 Log.8in.L=:9.8052517 

Log.co8.L= 9.8862)48 
— 3.6222664 

=0".0042 

Latitude L=:S9» 41' 21" 

1st Term 1.184 7 _ 

2«rf Term 0.0042 J ~^ ^ ^"'^^^ 



I ■ i» » 



39» 4l> 22".S118 =latit«de L'. 

> ■ ■ • 

This solution shews that we might have neglected the 
second term oFthe correction without incurring any prac- 
tical inconvenience. 

For calculating the diflference of longitude, (he cqna. 
tion (c) may be Used, And we shall have 
Log. I =—1.528^87 



Log.(^).... = -5 



.1407708 



JUog. tang.* L = 19.8380738 1 ,. 

— 6.5017233= 0.00000317 48 

0.9999968252= N 
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log.N ..s~1.000BaM 

W- >^ ^.sr^a^rossM 

Camp. iof«<ifioi. !«•»•« oj iaraw 

Log. P «««^..«,««^£& 0!MaMls996<'^ 

Then ttiH ireniaitis to be ibttnd the aifmutii of A or tbt 
hng\e P B A, nrfaich may begone by neaiir of the equa- 
tion (d)^ ftooiL Trhfeh MNrift the feUowioig oompoftationt 

l5^ Term of don^tiou. 

Log.R%...r:5St44S51 0.5 

Log. il r= —3.5703854 Log. tang.* L s 19.8380738 =: 0.68877 



Log. tan8X =M190360 Q =1.1^77 

9.^0384743636^.57. Subtnclive 

Log. i....=— 1.6828787 
Log. R''..= 5.3144251 

Log.^...=-^.71115§2 

Log.Q...s 0.07.^10979 

--S.6^3^579=IO'^004^03 Addilive 

We have therefore 
l5*Term— fi36".57 > 90* 

Sif(f + 0".0048 > _0[ 10rS»^5 

s89 49 ^^3 .5 for the aam, req<« 

The total correction of the aaamathrrl0'36'^5yei7 
nearly is aUo called the angle of conrergenoe of the 
loeridiani PA^ P3. 



/ I 
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firom yfhich we obtain 



a*cofc>+6*8iii.Y 
Lei A be the ellipticity of the earth, that ig, the excess 
of the greater over the less axis, denoting tl^e greater by 
^nity• We shall have on this hypothesis, 
$z;a(l — a); from this 



^' = 



6* 



1 — (2 a-aO sin.f* ' 
and by taking the square root, 

19= J [1 -f (a — j a*) sin.« f-hicc" sin.* f ]. 

by limiting ourselves to quantities of the order a,^. 

For the sake of abrid.gnient, this equation may be 
written thus : n 

vzzb (1 -f m sin-' ?+wsin.* ^)— — — — — — (A). 

This equation will therefore be identical with the pre- 
ceding one, if we have 

or as m difl^ers very little from », if nzz^ m\ 
Adding together the two equations above, gives 

iw^-wrra + a*;* 
So that, when we know m+^, we shall have the value 

of the clUpticity. 

The most general hypothesis that can be assumed for 

the nature of the curve of the meridian is expressed by 

(A>« It is confirmed by numerous investigations on the 



* This 'first result is not absolutely the same as Legendre's, be- 
cause this geometer has supposed azib (1-f a )i ^^^^ i^* ^^ has taken 
the less axis as unity. On this latter hypothesis we should, have 
^'^a —I a' *, rtzzi od *, and m-^-nzza!. At all events, it is evident 

that if a'= — be the ellipticity relative to the smaller axis,-—-. :? a, 
will be the ellipticity when referred to the greater. 
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from which it ivill be easy to determine the valaes of m 
nnd Pj which ought to be already very near approxima- 
tions, since only the quantities of the order a" have been 
neglected, 

^ Let M^ and p^ be the first approximating values of M 
and p ; then, to have them more accurate, we may make 
M = M^'Cl + J7), Up = M>*(1 +3^), M J = M»«j 
and, by substituting in the general equatian (G) the quaa* 
titles relative to the four arcs SS", S" S"", SS"% S' S'% 
we shall have the four following equations, visF, 

^-^= ^T^ (* ■^^> -^P'^^ +.y) f^^"- SLM^sin. 2 L) 

+ z (sin. 4 L*' — sin. 4 Lj, 

JML "J I' 

4- 3 (sin. 4 L" — «in. i L"), - 
§!!^_t!l_I' (1 H-a;)-p> (1 +j^)(sin, 2 L'''--sin. 2 L^ 

+ z (sin. 4 L'" — sin. 4 L), 

+ « (sin. 4 L^^ — sin. 4 L'). 
But M" and p" having been determined by the equations 
(H), it is evident that the first two equations above will 
be reduced to 

0^t!jd[la?--y(8in.2L''-sin.2L) + 2f (sin.4L''--8in*4L), 

SO that we shall have four equations of this form. 

0=fx^g't/^h'z 
c"=/"a? — g" y+A"j» 
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^ be the arc expressed in seconds, corresponding to the 
chord K of a terrestrial arc, that is, to a side of. a tri* 
angle* 
L the known latitude of onq extremity of the chord K, 
L* the required latitude of the other extremity, 

M the known longitude ) reckoned from the south towanJi 
M' the required longitude ) the west from oP to S6(f . 

Z the known azimuth ) , ,r , « 

. _ . .-> reckoned from the same ; I 

Z' the required azimuth^ | 

we shall then haye 

c 

L' = L — (f COS. Z + i ?> sin. ^ sin.2 Z tang. L) 
(1 + e* cos.^L). 
Z' = 29 + Z — f sin. Z tang. L' — ^f sin. ^ sin. 2 Z. 

COS. L' ' 
By making Z = 9 in the last three equations, and sin. 
f = f , the first terms of the analogous formulae. No. 10, 
will be found again. 



Measure of a Base. 

Ground cannot be every where found which is conve- 
nient for measuring long bases. In fact, we rarely meet, 
even in the iGnest plains, with ah extent in a right line of 
several leagues, without obstacles, or without sensible 
inequalities, which prevent the two extremities of tha^ 
right line from being seen from each other. 
. The longest bs^^s that have ^hereto been measured did 
not generally exceed thirteen or fifteen thousand English 
yards, or thereabouts ; that which has lately been mea- 
sured in Bavaria was 11107 toises, about 33669 English 
yards, but this length can seldom be attained. Besidesi 
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PART II. • 



PORTATIVE BAROMETRICAL TABLES, 

Giving the Difference of Level by a Simple Suhfracti(m; 
with an Introduction^ containing the History of the Ba- 
rometHcal Formula^ and its Complete Demonstration by 

\ the Simple Elements of Algebra. 

BY M. BIOT. 

TRANSLATED AND ADAPTED TO ENGLISH 
INSTRUMENTS AND DIVISIONS. 



PRELIMINARY NOTICfl. 

About one hundred and sixty years have elapsed 
since Pascal, having caused TorricelU's barometer to be 
carried to the top of Puy-de-Dome^ remarked that this 
instrument presented the means of levelling the most 
distant places. 

This first ideia was not abandoned, but in order to 
render it applicable for ascertaining the lengths of the 
columns of air passed through, according to the dimi* 
nutions observed in the column of mercury, many ele- 
ments still remained to be determined. We had the 
balance, but knew not the values of the weights* The 
first thing that it was necessary to know was the law 
of the condensation of air under different pressures. 
Mariotte in France, Boyle and Townley in England, 
found from experiment that the density of this fluid is 
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(heiir iise> tad eonlaiaiag a dampkte denoilibritioti of 
the IwroiiMtriGal fonMU. thh demonttntioii odiy it* 
quives the iatder lobe Ae^aftintod with the Ant radtetfttt 
of Atgjbni^ tmt pemMu who are entffely tftm iig o ie to 
these notions^ nay pate imaediately to the muMfioel 
examples inserted at theeadof thhpartoftJhetieetiss^ 
with spedmens of eateulMhNi ibrall cases^ wliidiflMiy 
be Gonshmtly taken as nodeb, no altetatioii beii^ nwi 
loquisite* 

All my ettwto have been used to bring these taUss to 
the greatest degree of simplicity of which ^tj aie sm* 
eeptible ; and I shall esteem myself very happy if they 
should increase the taste for barometrical obserfatioasy 
and cmitribate to the perfection of physioal gsograpliyi 
to9 little cultiTated among «s» 



On the Measure of Altitudes ly barometrical Ohtrvations. 

As the measure of altitudes by barometrical obserra* 
tions may be of very frequent utility I hare united in 
this chapter all the details that can be desired^ relative 
to both the demonstration of the rigorous formula and 
its application. 

Conceive a vertical tube to be filled with airy which 
extends from the surface of the earth to the limits of the 
atmosphere* Besides^ for the purpose of simplifying the 
problem, let it be supposed, at first, that the column of 
air thus formed is composed of air perfectly dryland the 
temperature the same throughout its extent. Let it be 
supposed, also, that the decrease of gravity, according 
to the greater elevation, is abstracted ; so that this force 
may be considered as acting with an equal intensity at 
all heights. On these suppositions^ let us exwiin^ the 
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ftom vrhich we obtain the following valaet t 

H,=:H,(l-rCD), 
H, = Hi(l-CD)% 
H, = Hi (1 - C D)', 
H, =H,(1-CD)*, ^ 

and we shall have between the differences of level ancl 
the depression of the mercury the corresponding series t 

t 

=:D S^ =(l-CD), 

- X, =2D 1^ =(1 - C D)% 

-ZQ 5iL =(I — CD)S 

Hi 

the quantity 1 — C D 19 necessarily a fraction ; for C and 
D are both positive ; and let C be Mrbat it may, D may 
always be taken suiliciently small, that the product C D 
may be a fraction* Then the different powers of 1 — CD 
will be less and less. Thns it appears from the preceding 
series, that, when the altitudes above the first station in* 
crease in an arithmetical progression^ the heights of the 
mercury in the barometer decrease in a geometrical pro* 
gression. 

In order to obtain this result, it has been supposed that 
each stratum of air, of a thousandth of a yard in height^ 
was throughout of an equal density. This supposition is 
not strictly true ; but it approaches more and more to the 
truth as the thickness of the beds, or strata, is less. Now^ 
instead of taking a thousandth of a yard for the thickness, 
we may take it a hundredth part of that, or any other 
smaHer dimension, and the error will be diminished indefi- 
nitely, without our being prevented from arriving at the 

yoL. I. 2 a 
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Vhi» Tabte h oalwlated> from, a, mndiii rfim of tfce 
foroiiila which has already been iadicated^ and which 
consists in uniting the correction idative to the decieate 
oC gravity, with the constaiyt co-efficient of the fotmnla^ 
which raises it to 201X4.5818 instead of 90050.1880^ 
at shall nowi be fthownk > 

For this purpose^ the ligorons formnhi may bft 
resumed, msikibg," for the sake of abridging the. 

wori, N=200flOa886^ l-h-)(l+0.e05»S7cofc8*)' 
V + MjQ J ^ ^^ we shall have 

As X is -contained in both members of thik equation^ 

it must' be eliminated. To efifect tfais^ let the Idgarithm 

X' 
Qf 1. + -^ be developedy and the first pow«r only bo tftt. 

X " 

ken,, whence we hajve ^ 9 Bl beiiig the nodnlas of tb^ 

lqg-table8^or2.aQS5850; then, .by performing die multil*. 

X 

plication with th/e tsLQtot 1+ -^^, and always, l4t niMf»p 

ourselves to th^ flrst'power, we shall have 

from.ii^bjuih^xeAd%,.Qbt^in . 

NIog.5, 

X= -^ 






I 

The denominator of the second member is n^yrly 

N 
equAl^touQity ; fortbfbCO*efficientt^^. bf, whieh tb^^sa- 

a 

Toil, u 2d 
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lUh of Depresrion of the Mareury in the Banmeter, arinng 

from CapUlartf Attion, 

interior diametir of tke Tbict, Deprettioii in 

in dtctm. of an Inch. dtdm. of an inch. 

.07874 I795S 

.1181 11426 

.1575 08027 

.1968 05927 

.8362 04520 

. .2756 03470 

.3150 02697 

.3543 02104 

.8937 01654 

,4331 01380 

.4724 .01024 

.5118 00806 

.5512 00629 

.5590 00490 

.6299 00382 

.6693 00297 

.7087 00232 

,7480 ..: 00170 

.7874 00139 

ffumerieal ^xamjtles of the Calculation, of Altitudes by the 

Formula. 

X=20n4.5848(l +0.002837 COS. 84'). \ 1 + -^ J. 



, , .881 , .831 '\ 
(log.— J log.-H-;' 



Hrrtbe height of the column of mefcwy at the lower 
station, expressed in decimal fractions of a yard. 

A=z the height of the mercurial column in the upper 
station, corrected for the expansion of mercury. 

VOL. I. 2 P 
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T+/;:=the sum of the temperatures of the air at iimm 
two stations,. €xpi€S^ia degrees of Fahrenheit's 
therinofaeter. 



Case /. When h and H are both comprised in the 
Table, consult it immediately. Example. 



Height of the 
Barometer, 



Lower Station 0.8202 yd. 
Upper Station 0.65495yd 



Detached 
Thermometer^ 



■^ 46°. 4 



Attached 
Thermoituier, 






Latitude. 



I . ■ 



T+*=:46«.4,H=.8g02ytl,A=.65495ycl.(l + 



SOT 



18 



=.65616 yd. 
\VithA=..656I6 



9742 J 

the table gWesglgg. 97yds 



H='.8202 }«*+'-*«' •*^ -120.16 

Oiffference 2049.81 

Add 1.5 



Correction for Latitude 



1 



2030 



2051.31 
— 1.01 



Difference of level ....S050.30yd< 

The term H is subtradhe wben its value is less than 
.891 yd. and additive \then it is greater than .831 yd. 



^^¥ 



Cate II. When h is not comprised in the table, bal 
exceeds .525 yd. Example. 

Latitudt, 



Height of the 
Barometer, 



Upper Station 
Lower Station 



.557537yd 
.8MS56yd 



Detached 
Thermometer, 



+ 65».76 

+ 77».54 



Attached 
Thermometer, 



+ 68"' 
— 77».54 
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TABLES 



FOR 



REDUCING TO THE MERIDIAN 



THE 



^Zenith Distances of the Heavenly JBodies^ 



OBSERVED WITH BORDA'S CIRCLE> 



OJt OTHER IVSTBVMBVTS* 



GEODESIC OPSaATIOSB. 
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jrf r«M? of the Correction for Latitude. 
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LATITUDE. 



CORRECTION. 



0" 

5 
10 
15 . 
90 . 
95 . 
SO . 

35 . 
40 . 

45 . 

50 . 
55 . 
60 . 

65 . 
70 ., 
76 . 
80 .. 

85 .. 
90 .. 
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3^2 


+ 


?5 8 
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-t- 


■sir 


■f 


•cio 
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6 48 
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7^4' 
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10^0 
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s-S^o 







— 


Tdao 


— 
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T4 8 


— 


tJ^ 
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407 
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si-.- 


^m^mb 


35 8 


— . 


1— 
76 3 



of the calculated height. 



From thr rqualor to the latilode of 45^« the corrcclinn inoit be added to 
the ralrulated difference of level, but it should be subtracted from it, fron 
the latitude of 45'^ to the pole. 

N.I). The height of the mercury io the barometer, inserted in the first 
columns of each page of the preceding Barometrical Table, being given in 
decimals of nn Knglish yard, it is necessary, of course, when this hMght is 
observed in inches and decimals of au inch, first to divide by 86, the num- 
ber which eipresseo it"^ the Table is then to be entered with the quotient. 
Suppose, for example, that the height of the Barometer was observed to 

S9.7 4.95 

be fO.7 inches i then, ^ :r: •8^5, the number with which the 

Sd 6 

Table it io be entered. 
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